Vitamin D is considered essential for bone and muscle health, and some studies have demonstrated the positive effects of vitamin D on metabolic diseases and cancer. Nevertheless, a high prevalence of vitamin D deficiency has been reported in various populations, regardless of country or race. However, no studies regarding the prevalence of vitamin D deficiency in Korean orthopedic patients currently exist. This cross-sectional study included 272 male and 937 female patients aged 50 years and older who were consecutively admitted to the authors' orthopedic department. Vitamin D (25-hydroxy vitamin D), bone turnover markers (osteocalcin, c-telopeptide), and bone mineral density were measured. The prevalence of vitamin D deficiency and its association with other factors were evaluated. Mean patient age was 67.2±8.9 years, and mean level of vitamin D was 16.1±9.1 ng/mL. Overall, 91.2% of patients had deficient (<20 ng/mL; 70.6%) or insufficient (20-30 ng/mL; 20.6%) levels of vitamin D. Vitamin D level did not vary by age group or sex. The level of vitamin D was significantly associated with osteocalcin, c-telopeptide, calcium, alkaline phosphatase, total cholesterol, triglycerides, low-density lipoprotein cholesterol, and glucose (P<.01). Vitamin D level in Korean orthopedic patients of this region was extremely low, regardless of sex and age. Although vitamin D was not directly associated with bone mineral density, there were significant associations between vitamin D and other factors related to bone health and metabolic diseases. [Orthopedics. 2015; 38(10):e898-e903.] The authors are
V itamin D is considered essential for bone and muscle health, and some studies have demonstrated the positive effects of vitamin D on metabolic diseases and cancer. 1, 2 Nevertheless, a high prevalence of vitamin D deficiency has been reported in various populations, regardless of country or race. [3] [4] [5] [6] However, no studies regarding the prevalence of vitamin D deficiency in Korean orthopedic patients currently exist.
To date, 2 reports have discussed hypovitaminosis in orthopedic patients. Maier et al 7 reported an extremely high rate of hypovitaminosis D (<30 ng/mL; 84%) among German orthopedic patients, and Bogunovic et al 8 reported that the highest rates of low-serum vitamin D were seen in trauma and sports services (<32 ng/mL; 66%) among American patients who were scheduled to undergo orthopedic surgery. In both studies, the prevalence of vitamin D deficiency was high. Meanwhile, there have been studies regarding vitamin D deficiency in the Korean population. Song et al 9 demonstrated a high prevalence of vitamin D deficiency in an urban Korean population aged 50 years and older. The prevalence of vitamin D deficiency (<20 ng/mL) was 59.7% and 86.5% in men and women, respectively. Choi 10 reported that the prevalence of 25-hydroxyvitamin D (25[OH]D) deficiency (<20 ng/mL) was 49.9% among males and 67.4% among females. Both studies showed severe hypovitaminosis D in an urban Korean population.
Despite numerous studies on the prevalence of vitamin D deficiency, a study of vitamin D deficiency in Korean orthopedic patients has not been reported. The goal of the current study was to evaluate the prevalence of vitamin D deficiency in Korean orthopedic patients and the associations between vitamin D deficiency and other laboratory markers related to bone health or metabolic disease.
Materials and Methods
The study protocol was approved by the institutional review board. All basic laboratory findings were recorded and compared based on sex and hypovitaminosis (<30 ng/mL) status. Serum 25(OH)D levels were categorized as sufficient, insufficient, or deficient. Deficiency was defined as levels lower than 20 ng/mL; this was subdivided into severe deficiency (<5 ng/mL), moderate deficiency (≥5 to <10 ng/mL), and mild deficiency (≥10 to <20 ng/mL). Insufficiency was defined as ≥20 to <30 ng/mL, and levels higher than 30 ng/mL were defined as sufficient. 4 To analyze differences according to age, serum 25(OH)D levels were compared among 4 age groups (50-59 years, 60-69 years, 70-79 years, and older than 80 years). Serum 25(OH)D levels were evaluated at admission, and monthly 25(OH)D variations were analyzed for the total number of patients. Table 2 . There were no significant differences between the 25(OH)D levels of male and female patients (P>.05). There were no significant differences in 25(OH)D levels between age groups, but Table 3) . In monthly variation of mean serum 25(OH)D, vitamin D levels increased in spring and summer but decreased in autumn and winter. There was a significant difference in the vitamin D level between April and May (P=.005), and that increment was maintained during the summer (Figure) .
In correlation analyses among all measured variables, 25(OH)D showed significant associations with bone turnover markers (eg, osteocalcin and C-telopeptide), calcium, and markers associated with metabolic disease (eg, total cholesterol, triglycerides, LDL cholesterol, and fasting glucose) but showed no correlation with BMD. Bone mineral density was significantly correlated with osteocalcin, calcium, and alkaline phosphatase, but the correlations were weak (r=0.097-0.259) ( Table 4) 
discussion
In this study, vitamin D levels did not vary by age group or sex. Among orthopedic patients who were older than 50 years, 91.2% had hypovitaminosis (<30 ng/mL) and 70.6% showed vitamin D deficiency. The level of vitamin D during winter was lower than in other seasons, but it significantly increased after May and June. This was maintained until October and then decreased. Vitamin D was significantly associated with osteocalcin, c-telopeptide, calcium, alkaline phosphatase, total cholesterol, triglyceride, LDL cholesterol, and glucose, but not with BMD, phosphorus, or HDL cholesterol.
The study was performed in Seongnam-si, Korea (37° 19' N), whose latitude is similar to that of Athens, Greece (37° 58' N), and San Francisco, California (37° 46' N). Above 37° latitude during winter, vitamin D-synthesizing UVB radiation markedly decreases on the surface of the earth. Therefore, vitamin D production in the skin is limited during this period. 9, 11 Clinicians should consider a vitamin D supplement, especially during the winter in high-latitude areas.
Interestingly, the prevalence of vitamin D deficiency did not differ based on sex or age group in this study. In general, vitamin D deficiency is higher in women and elderly patients due to a lack of exposure to sunlight, the use of sunscreen and parasols, or a greater amount of time spent indoors. 9, [12] [13] [14] [15] However, this was not reflected in the current results, which were consistent with those of previous studies. 7, 8 The authors hypothesize that patients with orthopedic diseases may avoid outdoor activities and remain indoors. Therefore, in the analysis of vitamin D deficiency, orthopedic patients may differ from other populations, and this should be considered in the treatment of vitamin D deficiency. Although detailed results for patients younger than 50 years were not included in this study, their mean serum 25(OH)D was 18.0±14.1 ng/mL, and 75.2% of them showed a deficient or insufficient vitamin D level. Contrary to expectations, the level of vitamin D was not directly associated with BMD in this study. Some studies in the literature have shown a significant correlation between vitamin D and BMD, 4 Figure:
Monthly variation of mean serum 25-hydroxyvitamin D levels. Vitamin D levels increased in spring and summer but decreased in autumn and winter. There were significant differences in vitamin D levels between April and May, and that increment was maintained during the summer months.
no difference of lumbar spine and femoral neck BMD between the 2 groups, but major osteoporotic and hip fracture risk was significantly higher in the hypovitaminosis D group. In the current study, vitamin D level was not significantly correlated with BMD but was directly associated with calcium concentration and bone turnover markers such as osteocalcin, c-telopeptide, and alkaline phosphatase. These results suggest that vitamin D is associated with bone quality rather than BMD. This study has some limitations. First, the study did not consider the influence of fractures or bone metabolic diseases, fasting, or diurnal variation on the laboratory results. Some results may be affected by these conditions, but the authors focused on vitamin D levels, and mean vitamin D levels would not be changed significantly by these conditions. (Although not in all cases, approximately 70% of the patients had blood tests early in the morning while fasting.) Second, in the monthly variation of vitamin D deficiency, the authors did not examine the change in each individual patient. The results of this study could not reflect an actual change in the same patient over the course of 1 year; however, the authors believe that the results are reliable due to the large number of patients. Third, 73% of the patients had a BMD test at the same time as a vitamin D test. This may influence the results of the correlation between BMD and vitamin D level. Nevertheless, to the authors' knowledge, this 
